Abstract. Pathological angiogenesis is increasingly recognized to be an important feature of pathogenesis in solid tumors and also in leukemias. Specific blockers of angiogenesis are now being introduced into early clinical trials with encouraging results. Vascular endothelial growth factor (VEGF) seems to play a central role in tumor angiogenesis and is associated with a poor prognosis in both solid tumors and adult leukemias. In pediatric acute lymphocytic leukemia however, the expression of angiogenic molecules and its relation to prognosis and relapse are unknown. Therefore, we prospectively analyzed 46 pediatric patients with precursor B cell acute lymphocytic leukemia by semi-quantitative RT-PCR for expression of the angiogenic molecules VEGF, VEGF-C, iNOS and TGF-ß and correlated relapse and survival data with the expression of these factors. We found a high mRNA expression of TGF-ß and iNOS, a moderate expression of VEGF but no expression of bFGF and VEGF-C. A significantly higher expression of VEGF mRNA was found in patients with late relapses compared to patients without relapses (p=0.043). A significantly higher mRNA expression of iNOS was found in surviving patients compared with non-surviving patients (p=0.023). Angiogenic factors are expressed in the bone marrow of patients with pediatric B cell precursor ALL and VEGF is a potential candidate for therapeutic intervention as it is significantly higher expressed in children with late relapses. The mRNA expression of iNOS in the surviving children possibly reflects an increased activity of the immune system against the leukemia which leads to a superior survival.
Introduction
Pathological angiogenesis is increasingly recognized to be an important feature in the pathogenesis of solid tumors (1-3).
The most important mediators involved in tumor angiogenesis are members of the vascular endothelial growth factor (VEGF) family, basic fibroblast growth factor (bFGF), transforming growth factor ß (TGF-ß) and nitric oxide (NO) produced by the inducible NO synthase (iNOS) (4) (5) (6) (7) (8) . VEGF has been shown to be essential in neoplastic angiogenesis (4) . The members of the VEGF family consisting of VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E and placental growth factor (PlGF) have different activities on blood or lymphatic vessels and different receptors (9, 10) . Pathological angiogenesis has also been described in hematological malignancies such as AML, B-CLL and ALL (11) (12) (13) in adult patients. Pathological angiogenesis here is mainly induced by VEGF and, inconstantly, by bFGF (4, 13, 14) . VEGF-C has been shown to synergize with VEGF and bFGF (15) and to mediate proliferation, survival and resistance to chemotherapy in human leukemia cell lines and in patient samples (16) .
It has been shown that the expression of these mediators of angiogenesis, especially VEGF and bFGF in cancer patients is associated with an adverse prognosis (17) (18) (19) . Not only in solid tumors but also in different leukemias the expression of these mediators carries an adverse prognosis (12, (20) (21) (22) . In pediatric ALL only an increased microvessel density histologically in the bone marrow and an elevated urinary bFGF level have been reported (23) , but no studies have so far addressed the question of expression of angiogenic factors. This led us to the prospective evaluation of these angiogenic factors and their predictive value for relapse and survival in a pediatric ALL population.
In the last few years, many molecules which block pathological angiogenesis by different mechanisms have been discovered and early clinical trials with these agents are ongoing with promising results (reviewed in refs. 10, 14, 24 significance of this study for identifying possible therapeutic targets in childhood B cell precursor ALL. Therefore, we examined the expression of VEGF, VEGF-C, bFGF, iNOS and TGF-ß by semi-quantitative RT-PCR in the bone marrow cells of children with B cell precursor ALL and correlated the expression of those molecules with the clinical outcome. We found a high mRNA expression of TGF-ß and iNOS, a moderate expression of VEGF but no expression of bFGF and VEGF-C. A significantly higher expression of VEGF mRNA was found in patients with late relapses compared to patients without relapses. A significantly higher mRNA expression of iNOS was found in surviving patients compared with non-surviving patients.
Patients and methods
Patients. Bone marrow aspirates of 46 consecutive children referred to our center with untreated CD10-positive B cell precursor ALL were analyzed prospectively at initial diagnosis. There were 27 males and 19 females with a mean age of 6.1±4.0 years (median, 4.8 years; range, 1.1-15.6 years). Patients were followed for relapse and survival for the duration of the study. The mean observation time was 41.8±24.1 months (median, 34.8 months; range, 0.5-94.5 months). Observation time (in months) was defined as the interval between date of diagnosis and date of last follow-up, date of death or date of the end of the study, respectively, whichever came first.
A very early relapse (VER) was defined as a relapse within 18 months after diagnosis. The control group consisted of children with ALL without relapse with an observation period of >18 months after diagnosis (30 patients). An early relapse (ER) was defined as a relapse between 18 and 30 months after diagnosis. As a control group patients with an observation period of >30 months from the time of diagnosis who did not relapse were recruited (23 patients). A late relapse (LR) was defined as a relapse >30 months after diagnosis. As a control group patients with an observation period of >45 months after diagnosis who were still in first complete remission (no relapse) were used (11 patients).
Patients were treated according to the national CoALL protocol (32) . Written informed consent was obtained from the parents or guardians of the children.
Bone marrow processing, incubation, mRNA preparation and cDNA synthesis. Bone marrow samples were drawn by aspiration from the iliac crest into a heparinized syringe. Bone marrow mononuclear cells were enriched by Ficoll density gradient centrifugation. Mononuclear cells (5x10 5 ) were suspended in Chomczynski solution (guanidin thiocyanate, sodium citrate, sarcosyl, mercapto ethanol) after washing with RPMI-1640/10% FCS without prior incubation. Total cellular RNA was prepared according to the method described by Chomczynski (33) .
For cDNA-synthesis reverse transcription was carried out using p(dT)15 Primer (Boehringer Mannheim) and AMV reverse transcriptase (Boehringer Mannheim) as recommended by the manufacturer. cDNA was stored frozen at -20˚C until use.
RT-PCR.
Primers were either purchased or were custom synthesized by MWG Biotech, Ebersberg, Germany. Primers for TGF-ß, ß-actin and GAPDH were purchased from Stratagene, La Jolla, CA, USA, primers for VEGF-C were from R&D Systems, Mineapolis, MN, USA and primers for iNOS were from BD Biosciences Clontech, Palo Alto, CA, USA.
Sequences of the synthesized primers for bFGF and VEGF were modified from published sequences: bFGF, sense primer 5'-AGCAGAAGAGAGAGGAGTTGTGTC-3', antisense primer 5'-CCCAGGTCCTGTTTTGGATCCAAG-3', 232 bp, modified based on Hussong (34); VEGF, sense primer 5'-TC GGGCCTCCGAAACCATGAACT-3', antisense primer 5'-TCCTGGTGAGAGATCTGGTTCCC-3', 651 bp, modified based on Fiedler (35) .
Each PCR assay was performed in a 100-μl reaction tube containing 5 μl 10X TAQ buffer, 5 μl sense primer (10 μM), 5 μl antisense primer (10 μM), 2.5 μl dNTP (1.25 mM), 0.2 μl TAQ polymerase (5 U/μl, Perkin Elmer, Norwalk, CT, USA, or Boehringer Mannheim), 30.3 μl Aqua dest. and 2 μl cDNA equivalent of 12,500 cells. When using commercial primers the volume and concentration of the primers as recommended by the manufacturer were used.
PCR was performed using a DNA Thermal Cycler 480 (Perkin-Elmer) with the following conditions: initial denaturation for 5 min at 94˚C, followed by 5 min at 60˚C. Cycle times and temperatures were 90 sec at 72˚C, 45 sec at 94˚C, 45 sec at 60˚C, for 35 cycles. Final elongation was 5 min at 72˚C. A negative and two positive controls (GAPDH and ß-actin) were included in each experiment.
The PCR products were run in a 1.5% SeaKem LE agarose gel (FMC Bioproducts, Rockland, ME, USA) and stained with ethidium bromide at a final concentration of 0.5 μg/ml. Table I . Semi-quantitative expression of mRNA of bone marrow mononuclear cells of pediatric ALL patients. -------------------------------------------------------------- Semi-quantitative expression of mRNA in bone marrow mononuclear cells of pediatric ALL patients. Mean TGF-ß, iNOS, VEGF, VEGF-C, bFGF, GAPDH and ß-actin expression levels. Intensity of expression was semi-quantitatively observed (level 0-2). Median of expression level, percentage of patients not expressing the respective mRNA and total number of patients analysed are also given.
- ---------------------------------------------------------------------------------------------------- The intensity of the PCR products was evaluated semiquantitatively by two observers. Ratings were negative (0), poorly visible (0.5), fairly visible (1) and strongly visible (2).
Statistical analysis. Normal distribution was examined using the Kolgorov-Smirnow test. If the data were normally distributed the two-tailed Student's t test was used, otherwise the Mann-Whitney U test was used. A difference was considered significant if the two-tailed probability was less than 0.05. All statistics were calculated using the SPSS for Windows software package, version 10.0 (SPSS Inc., Chicago, IL, USA).
Results
Clinical outcome of study patients. Of the 46 patients in the study, 30 (65.2%) remained relapse-free. Relapse was observed in 15 patients: 5 had a very early relapse (VER), 6 an early relapse (ER) and 4 a late relapse (LR). Overall survival was 82.6% (38/46 patients). One patient died during induction therapy from infection and therefore was not included in the relapse analysis. Seven children died related to leukemia: four with VER, two with ER and one with LR.
These results compare well with those reported in the literature for childhood BPC ALL (32) .
Transcription of mRNA in bone marrow cells of pediatric patients with B cell precursor acute lymphoblastic leukemia.
To investigate the expression of angiogenic molecules in the bone marrow of children with B cell precursor ALL we performed RT-PCR on bone marrow cells for TGF-ß, iNOS, VEGF, VEGF-C and bFGF. GAPDH and ß-actin served as positive controls (Table I) .
For TGF-ß and iNOS a high level of expression was found with strong positive signals (median ≥1.5 relative intensity) in 28/46 (61%) and 20/38 (53%), respectively. For VEGF an intermediate level of expression was found (median 0.5 relative intensity). No positive signals for VEGF-C and only a single positive signal for bFGF were observed.
We detected mRNA for TGF-ß, iNOS and VEGF in the majority of samples but not for VEGF-C or bFGF.
Differences in the expression of mRNA between different relapse groups. The second aim of this study was to identify possible implications of positive mRNA expression of angiogenic mediators on the clinical outcome of the patients. Comparing patients who relapsed (irrespective of duration of remission) with those who stayed in remission we found no significant difference in the expression of angiogenic factors (Fig. 1) . When analyzing subgroups of patients according to the length of remission we found that patients with a very early relapse (VER, first relapse within 18 months after diagnosis) or an early relapse (ER, first relapse between 18 and 30 months after diagnosis) showed no significant differences for any variable compared with relapse-free patients (Fig. 1b and c) . (Fig. 1d) . We identified increased expression of VEGF mRNA as a unique feature of children suffering from a late relapse.
High intensity expression of iNOS was a significant indicator for survival.
Patients who survived showed a significantly increased expression of iNOS [1.47±0.71 (median 2) vs 0.79±0.64 (median 0.5), p=0.023] compared with the deceased patients (Fig. 1e) . Kaplan-Meier analysis (Fig. 2) showed a survival of 33.1% (SE 0.237) with a survival time of 46.6 months (95% CI: 27.3-65.9 months) for those nine patients who showed a low intensity signal (relative intensity of 0 or 0.5) for iNOS compared to a survival of 89.7% (SE 0.057) with a survival time of 65.9 months (95% CI: 58.5-73.4 months) for those 29 patients who showed a high intensity signal (relative intensity of 1 to 2) for iNOS. For the other molecules no difference was found.
Discussion
In contrast to adult hematological malignancies, the expression of angiogenic molecules in pediatric B cell precursor acute lymphocytic leukemia and its relation to prognosis and relapse are unknown. In children in only one study (23) an increased microvessel density points indirectly to an ongoing angiogenesis, the mediators of which are unknown. Since specific blockers of angiogenesis are now being introduced into early clinical trials with promising results it appears mandatory to establish which angiogenic factors are present in pediatric ALL. We therefore prospectively examined bone marrow cells of children with B cell precursor ALL by RT-PCR.
We found a high expression of TGF-ß and iNOS mRNA, a moderate expression of VEGF mRNA, but no signals for VEGF-C and bFGF in the bone marrow of children with B cell precursor ALL. TGF-ß not only has immunosuppresive action but also directly stimulates angiogenesis; an effect which can be blocked by antibodies against TGF-ß (6,36). Increased levels of TGF-ß can be found in the majority of solid tumors and leukemias in adults (37, 38) . Expression of iNOS has been reported only in AML and B-CLL but has so far not been investigated in ALL patients (39, 40) . In adult hematological malignancies VEGF and bFGF are the most important mediators of angiogenesis (10, 13) and elevations of VEGF and bFGF plasma levels were described in AML, CML (41) and B-CLL. We found moderate expression of VEGF. Elevated plasma levels of bFGF and normal plasma levels of VEGF in adult ALL were found by Aguayo (13) . Elevated urinary bFGF levels have been reported in pediatric ALL patients (23) .
We found no bFGF expression in marrow cells in the children with BCP-ALL in the present study. A number of leukemia cells produce bFGF (42, 43) . However, bFGF is produced mainly by stroma and sometimes by endothelial cells (44) which are not frequently encountered in Ficoll separated marrow aspirates. It can therefore be concluded that the elevated bFGF levels are not derived from the blast cells but probably from stimulated stroma or endothelial cells. Only scarce data exist on the expression of VEGF-C. Fiedler et al described the expression of VEGF-C in 8 of 13 adult AML patients tested (45) and Salven et al reported its expression by lymphoma cells (46) . To conclude, angiogenic factors are present in pediatric ALL, but it seems that the mediators differ from that in adult haematological malignancies.
Patients with a late relapse showed a higher expression of VEGF mRNA than the control group (children with ALL but without relapse). This trend was also seen in the comparison of all relapses and the VER subgroup but this difference did not reach statistical significance. VEGF is a strong angiogenic factor and also immunosuppressive (47, 48) . Additionally, VEGF stimulates the production of interleukin-6 (Il-6) by stroma cells as described in multiple myeloma (49) . Since Il-6 is a survival factor for B cells it is possible that expression of VEGF confers a survival advantage for the leukemia cell predisposing to a late relapse. This shows that VEGF might be a potential candidate for therapeutic intervention at least in patients at risk of late relapses. We could not identify any angiogenic markers predisposing for early or very early relapse. This might indicate that other cellular factors are important for determining the fate of more aggressive leukemia subtypes.
A better survival was found for patients expressing higher iNOS mRNA levels in our study. In patients without a relapse the iNOS expression was higher than in relapsing patients, although the difference did not reach statistical significance. The inducible nitric oxide synthase (iNOS) catalyzes the production of endogenous nitric oxide (NO) by the degradation of the amino acid L-arginine in cytokine-activated monocytes, macrophages and NK cells. iNOS was also found in AML (39) and in B-CLL cells (40) . NO has tumoricidal and antimicrobial activity in vitro and in vivo (50) (51) (52) . NO seems to play an important role in tumor cell killing mediated by NK and other cells (53, 54) . Additionally, an inverse correlation between expression of iNOS activity and metastatic behavior was reported in murine melanoma cells (55, 56) and transfected human renal carcinoma (57) . NO has been associated with angiogenesis in many human tumors (7, 8) . On the other hand, expression of iNOS has been described to have an antiapoptotic effect on B-CLL cells (40) and in some tumor cell lines to increase chemoresistance (58) , possibly by interfering with fas-induced apoptosis (59) and sustaining high bcl-2 levels (60). These contradictory effects of NO have been attributed to different local concentrations of NO (61)). It appears that in the patients in the present study, the association between better prognosis and increased expression of iNOS reflects an increased activity of the NK cell/macrophage system or a decreased tumorigenicity of the leukemia.
In summary, we have found a high expression of TGF-ß and iNOS, an intermediate expression of VEGF but no expression of bFGF and VEGF-C in bone marrow cells of children with BCP ALL. Differences were seen in the higher expression of VEGF mRNA in patients with late relapses compared to patients without relapses. These findings show that angiogenic factors are expressed in the bone marrow of patients with pediatric ALL and that VEGF might be a potential candidate for therapeutic intervention at least in patients at risk of late relapses since it is preferentially expressed in relapsing patients. An increased expression of iNOS implicated a significantly better prognosis in this pediatric population, possibly reflecting an increased anti-leukemic activity of the immune system. This finding warrants further study to determine the cellular origin of iNOS and the molecular mechanisms of its anti-leukemic activity in childhood BCP ALL.
